INTRODUCTION
As the pressure to reduce the length of hospital stays increases, use of home care services is increasing 1 . As a result of health care reforms in the province of Ontario beginning in the mid-1990s, the setting for some health care services has shifted from the hospital to the home. Benefits of a home care system include reduced pressure on acute care facilities through expeditious discharge of patients to a setting that would allow for patients to be managed at their residence; convenience for patients; and bridging care between acute care facilities, rehabilitation programs, and long-term care facilities. Despite attempts in various health care systems to replace hospitals with services delivered to patients in the home 2 , only a handful of population-based studies have examined home care utilization and its associated costs [3] [4] [5] [6] .
In Ontario, a province with a population of 13.2 million 7 , home care services for permanent residents are provided through the publicly funded health care system. The provincial government (Ontario Ministry of Health and Long-Term Care through Community Care Access Centres) reimburses some home care services such as nursing care, personal support, and respite care. For each service delivered, a record of the type and cost of the service is captured in a provincial database linkable to other administrative data including the Ontario Cancer Registry. This population-level data provides researchers with a unique opportunity to explore utilization patterns and costs of home care services delivered to various populations-for example, women diagnosed with breast cancer (bc).
ABSTRACT

Objective
To determine utilization and costs of home care services (hcs) for individuals with a diagnosis of breast cancer (bc).
Methods
Incident cases of invasive bc in women were extracted from the Ontario Cancer Registry (2005) (2006) (2007) (2008) (2009) ) and linked with other Ontario health care administrative databases. Control patients were selected from the population of women never diagnosed with any type of cancer. The types and proportions of hcs used were determined and stratified by disease stage. Attributable home care utilization and costs for bc patients were determined. Factors associated with hcs costs were assessed using regression analysis.
Results
Among the 39,656 bc and 198,280 control patients identified (median age: 61.6 years for both), 75.4% of bc patients used hcs (62.1% stage i; 85.7% stage ii; 94.6% stage iii; 79.1% stage iv) compared with 14.6% of control patients. The number of hcs used per patient-year were significantly higher for the bc patients than for the control patients (14.97 vs. 6.13, p < 0.01), resulting in higher costs per patient-year ($1,210 vs. $325; $885 attributable cost to bc, p < 0.01). The number of hcs utilized and the associated costs increased as the bc stage increased. In contrast, hcs costs decreased as income increased and as previous health care exposure decreased.
Interpretation
Patients with bc used twice as many hcs, resulting in costs that were almost 4 times those observed in a matched control group. Less than an additional $1000 Breast cancer is a leading cause of morbidity and mortality in Canadian women 8 . Based on 10-year prevalence, an estimated 59,236 women in Ontario are living with bc 9 . The range of care and the treatment intent for bc patients can vary depending on factors such as prognosis or disease stage. It was hypothesized that home care services would be highly utilized in a bc population and increase with the severity of disease, because postsurgical drain or wound care, medication administration, and palliative or end-of-life needs are some of the services bc patients may receive through home care.
The objective of the present analysis was to determine
• the overall utilization and costs associated with home care services for individuals with a diagnosis of bc; • the attributable utilization and costs for bc patients compared with a non-cancer control group; and • the utilization and costs for bc patients by stage of disease at diagnosis and by the phase-of-care continuum. Cases and controls were required to match exactly on sex, birth year, region, income group, and resource utilization band (rub). The rub is designed to measure the intensity of health care resources utilized (for example, extent of physician services and hospitalization) over a 2-year look-back period from the index date. Income group assignment was based on neighbourhood income per person equivalent from Statistics Canada's Postal Code Conversion File (version 5E). Each case was matched to 5 controls selected from the population of women never diagnosed with any type of cancer-that is, women without a record in the Ontario Cancer Registry. Control patients with an invalid health card number or those who had died before the diagnosis date of the matched bc patient were excluded. For each bc patient, the date of diagnosis was assigned as the index date. The index date for a control patient was the date on which they matched optimally with a case.
METHODS
Incident cases of invasive
Home care activities included visits from a multidisciplinary team including nursing, physiotherapy, occupational therapy, respiratory services, nutrition consultant or dietician, speech language pathology, social work, psychology, case management, homemaking or personal support, placement services, and respite care. Unit costs (in 2009 Canadian dollars) b for home care services were based on sums reimbursed by Ontario Ministry of Health and Long-Term Care 12 . Each home care service was defined as a visit, and a visit was 1 hour. The services are mutually exclusive because they are recorded individually. All patients were followed from index date to death or to March 31, 2010, whichever came first.
The follow-up period was divided into three discrete care phases: initial, continuing, and terminal 13 . The initial care phase was defined as the first 6 months (180 days) after diagnosis. The terminal care phase was defined as the 6 months before death and was included only for bc patients who died during the study follow-up period. The continuing care phase was defined as the interval between the initial and terminal phases. The hierarchy terminal care > initial care > continuing care was used such that all phases were mutually exclusive. To illustrate, if a woman with bc died 6 months after the index diagnosis date, her 6-month data would be included only in the terminal phase, with no time allocated to the initial or continuing care phases. A patient who died 9 months after the index diagnosis date would have 6 months in the terminal phase, 3 months in initial care, and no time in continuing care. patient would have at most 6 months of initial care, with any remaining time allocated to continuing care.
Summary statistics of the demographic characteristics for the bc and control patients were calculated. All home care utilization and cost data are presented as means weighted by the length of follow-up for each patient. Attributable home care activity utilization and costs for bc were determined by examining the differences between bc and control patients. The Pearson chi-square was used to compare the proportion of individuals with at least 1 home care visit between bc and control patients. The Cochran-Armitage trend test was used to compare the proportion of patients who used home care services between the bc patients at different stages. We calculated weighted costs per person-year for each subgroup by dividing the costs for patients in the subgroup during the whole study period by the corresponding years of follow-up. The cost per person-year was also calculated for patients in the various bc stages.
Home care services utilized and their costs were analyzed by phase of care and by stage of disease at diagnosis. Utilization and costs were estimated as a mean number of visits and costs over a 30-day time period.
Factors associated with costs per 30 days in each phase were assessed using multivariate linear regression analysis. The bc patients were included in the regression analysis only if the patient used home care in the phase of care being analyzed. The purpose of the regression model was to investigate factors associated with home care costs by phase of care among bc cases who had used home care in the phase of care of interest. The variables examined were age, income group, rub, and stage at diagnosis.
All analyses were performed using the SAS software application (version 9.2: SAS Institute, Cary, NC, U.S.A.).
RESULTS
The mean age was 61.6 years for the bc and control patients alike. Of home care services provided, 93.6% were provided in private homes, 1.1% occurred in other residential units, and 3.3% had no location specified. Most members of the cohort resided in an urban setting; 20% were in the highest income group (Table i) . Compared with 3% of the control patients, almost 11% of the bc patients died during the follow-up period. Among bc patients, 89.3% underwent breast-related surgery (total, radical, partial) c . Nearly 18% of the bc patients were not staged. Of the bc patients, 75% used at least 1 home care service; only 15% of control patients used such services. The attributable cost for home care service visits to bc patients compared with control patients was $885 per person-year (Table i) . Overall, the average cost per service for the various demographic subgroups was generally more than 50% higher for bc than for control patients. When stratified by type of home care activity, nursing (56.5%), homemaking or support (38.3%), and physiotherapy (1.4%) were the most commonly reported home care activities provided to bc patients. For the control patients, homemaking or personal support (78.9%), nursing (15.2%), and physiotherapy (2.0%) were the most frequently reported home care activities used. The proportion of nursing and homemaking or personal support activities were significantly different between bc and control patients.
Most bc patients had early-stage disease. For bc patients only, the number of home care services used per year increased with the disease stage ( We used regression models to assess, by phase of care, factors associated with the 30-day costs (dependent variable) for bc patients who had used home care services (Table iv) . The regression coefficients estimated the dollar value for the variable associated with home care. The regression analysis of home care costs for bc patients can be interpreted in two ways:
• Relative cost of a variable • Estimation of the overall home care cost With respect to relative cost, modelling the cost of home care in the initial phase of care showed that a bc patient less than 45 years of age had home care costs that were lower by $14.62. There was no change in costs for a bc patient 55-64 years of age, and for a bc patient between the ages of 75 and 84 years, costs were increased by $13.55 for 30-day home care. The estimate for overall home care cost during initial care for a woman 55-64 years of age, urban middle-income group, moderate rub, and stage ii at diagnosis is 330.89 + 0 + 42.90 + (-92.04) + 97.99, which totals to $379.74 for 30 days.
In the initial and continuation phases, aging was associated with increased 30-day home care costs; lower incomes were associated with increased 30-day home care costs; increased cancer severity was associated with increased 30-day home care costs. Also, as rub intensity (patients with a prior history of higher health care utilization) increased, the 30-day c The Canadian Classification of Intervention codes used to identify surgery were 1YM87, 1YM88, 1YM89, 1YM90, 1YM91, and 1YM92. 
DISCUSSION
Our results show that 75% of bc patients and 15% of control patients received at least 1 home care service. Within the first 180 days after diagnosis (initial care), home care costs for bc patients were approximately 4 times those for control patients. The higher costs in the initial care phase may be a result of postoperative nursing care-for example, wound management (in our cohort, 89% of bc patients underwent a bc-related surgical intervention). Post-surgery care commonly involves drainage tube management, which could well be handled by community-based nurses. Because not all patients receiving surgical interventions also received home care services, we hypothesize that the difference would be either different referral patterns, continued hospitalization, or no additional care being required. Costs for the bc patients were also high in both the continuation and terminal care phases, which could represent additional nursing care for management of treatment-related side effects during treatment of metastatic disease or for end-of-life care. These differential service intensities are in line with findings reported for other cohorts 14 .
Utilization and associated costs increased with disease severity through stages i-iii, but actually declined in patients with stage iv disease at diagnosis. Interestingly, the rates of home care utilization differ between stages i and ii, when similar utilization rates might be anticipated, given similar surgical procedures. Further investigation showed more extensive surgery in stage ii (23%) than in stage i (8%) for mastectomy. However, it is possible that patients with stage ii disease may have had more extensive surgery requiring more postoperative outpatient care, or may have received more aggressive adjuvant therapy and radiation therapy, requiring additional home care support. Further analysis of surgical interventions and home care utilization is ongoing. The 30-day home care costs increased with more severe disease, indicating that home care services increased when bc patients presented at a more advanced stage or as the disease advanced. Home care costs increased as income decreased, but increased as the level of previous health care utilization increased. In those instances, patients with higher incomes might use fewer publicly or government-funded home care services, hypothetically because of access to private home care services or informal care. That hypothesis cannot be proved using administrative databases.
In terms of phases of care in the present study, we relied on earlier work using a phase framework for costing 13 . Although a patient who dies within 6 months of diagnosis may receive a mix of both initial and terminal care, that patient is analyzed under terminal care. The complexity of the disease and the care provided may not be fully captured by the three simple phases used, but there is evidence for the three phases when the outcome is cost of care.
Based on the regression analysis, the variables in the terminal phase are generally not associated with home care costs, possibly indicating that costs are associated with need. In the continuing care phase, age and rub might indicate an unmet need concerning care for other comorbid disease, because home care related to surgery was less likely a factor. Lower income was associated with higher costs in the initial and continuing care phases, possibly indicating that patients with the means are opting for private services, potentially because of the relative availability of publicly funded home care services. Stage was the only variable that was consistently associated with home care costs across all phases-a finding that appears to indicate that costs are associated with clinical needs. A number of studies have shown that care in the community is less expensive than institutional or residential care 5, [15] [16] [17] [18] . Some of the home care costing work has been nested under the palliative or endof-life care umbrella 14, 19, 20 . Walker and colleagues reported that the average home expenditure per patient for end-of-life care for a number of disease sites was $15,866 over an average of 141 days of care; however, it is unclear how much home care activity contributed to that figure 21 .
The overall attributable cost calculated in the present study would translate to a provincial cost of approximately $7.0 million annually attributed to bc patients among all patients receiving home care services ($885 × 39,656 bc patients over a 5-year time horizon). To put that number into perspective, the Ontario Ministry of Health budget for 2009-2010 was $42.7 billion. Thus, home care services for bc patients represented 0.02% of the total health care budget per annum 18 .
The administrative data do not reveal the purpose of the home care service, its efficiency of delivery, the effectiveness or sufficiency of the care given, the quality of the care, or even the appropriateness of home care. An examination of treatment management guidelines for home care service utilization would be required to determine the appropriateness of the care.
The results of the present analysis are representative only of the bc cohort from this provincial dataset. Population-based studies for other disease site cohorts are required to examine similarities and differences in utilization and associated costs 14, 16, 20, [22] [23] [24] [25] [26] [27] . The data source was administrative data from Ontario, which may not contain all variables of interest regarding home care utilization. A prospective study of primary care and home care records would be necessary to provide service-level details 14 . However, the database is representative of the entire bc population in Ontario during the years analyzed and presents attributable costs. A lack of staging information may influence service and cost allocation. More complete staging information for bc patients is available from Cancer Care Ontario starting in 2007.
Moving patient care from the hospital acutecare setting to the community and home care setting may raise concerns that costs are being shifted from the health sector to unpaid caregivers. However, the present study captured data only from the health system perspective and does not include any services provided by informal caregivers (for example, family and friends) who would be paying for such costs out of pocket-or for that matter, privately paid caregivers. A number of studies have examined informal care and have considered it costly [28] [29] [30] [31] . We recognize that our work here represents only a portion of the home care received by individuals.
CONCLUSIONS
To date, the type and costs of home care services specific to the management of a single cancer type by the extent of disease present at diagnosis has not been examined in Ontario. A better understanding of the home care experience of women with bc may help to refine future resource allocation decisions.
At a population level, bc patients used twice as many home care services as did a matched control group, at approximately 4 times the cost. Home care services used by women with a diagnosis of bc were more than double those incurred for control patients. Greater disease stage was associated with increased home care utilization and correspondingly increased costs. Less than $1000 was spent on home care services per bc patient per year in Ontario. Compared with institutional costs, in which hospital days are typically costed at more than $1000 daily, shifting health services to the community through the use of home care services may represent potential savings to the health care system if quality services are available, effective, and appropriate.
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